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INTFQRATED ClRHI.IT COMPRI S E A DAC WITH PROVISION FOR SETTING THE 
nar. TO A CLEAR CONDITION. A *n A METHOD FOR SETTING A DAC TO A CLEAR 

CONDITION 



Field of the Invention 

The present invention relates to an integrated circuit comprising a digital-to- 
analogue converter (DAC) with provision for setting the DAC to a clear condition, and in 
particular, though not limited to a multi-channel circuit comprising one DAC in each channel 
with provision for setting the respective DACs to a clear condition. The invention also 
relates to a method for setting a DAC in an integrated circuit to a clear condition. 

Background to the Invention 

Multi-channel integrated circuits comprising a DAC in each channel are known. 
Typically, such multi-channel integrated circuits receive digital data which is to be 
converted to analogue signals, and the respective analogue signals are outputted on 
analogue output terminals of the respective channels corresponding to the DACs. An 
interface and control logic circuit is provided in the integrated circuit for selectively 
transferring the digital data to respective ones of the DACs for conversion thereof to 
analogue output signals. In general, such circuits comprise a clear terminal to which a 
clear signal is applied for setting the DACs to a clear condition. The interface and control 
logic circuit reads the clear terminal, and on reception of a clear signal the interface and 
control logic circuit sets the DACs to the clear condition. This requires setting the digital 
words in DAC registers corresponding to the respective DACs to zero. Ideally, when the 
DACs are set to the clear condition, the analogue voltage appearing on the output 
terminals of the corresponding analogue channels should be a predetermined voltage, and 
in general, with the digital words in the respective DAC registers set to zero, the analogue 
output voltage appearing on the output terminals of the analogue channels should be zero 
volts. However, due to voltage offsets in the DACs, and in the analogue parts of the 
respective channels, the analogue output signals on the analogue output terminals, in 
many cases, is not zero or other such predetermined voltage when the DACs are set in the 
clear condition. This is undesirable. 

There is therefore a need for an integrated circuit comprising a DAC with provision 
for setting the DAC to a clear condition which overcomes this problem. There is also a 
need for an integrated circuit with a plurality of channels having a DAC located in each 
channel with provision for setting the respective DACs to a clear condition which 
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overcomes the problems of such known integrated circuits. Further, there is a need for a 
method for setting a DAC to a clear condition which overcomes the problems associated 
with setting known DACs to a clear condition. 

The present invention is directed towards providing such an integrated circuit and a 
5 method, and the invention is also directed towards providing a multi-channel circuit 
comprising one DAC in each channel with provision for setting the DACs to a clear 
condition which overcomes the problems of such known circuits. 

Summary of the Invention 

10 According to the invention there is provided an integrated circuit comprising: 

a digital-to-analogue converter (DAC), 
a clear code register for storing a digital clear code, and 
a control circuit responsive to a clear signal for transferring the clear code 
from the clear code register to the DAC, so that the DAC outputs an analogue output signal 
15 corresponding to the clear code in the clear condition. 

In one embodiment of the invention the integrated circuit comprises a plurality of 
channels, a DAC being provided in each channel. Preferably, the control circuit is 
responsive to the clear signal for transferring the clear code from the clear code register to 
at least some of the DACs. Advantageously, the control circuit is responsive to the clear 
20 signal for transferring the clear code from the clear code register to each of the DACs. 

In one embodiment of the invention a plurality of clear code registers are provided 
for storing clear codes for corresponding ones of at least some of the DACs, the control 
circuit being responsive to the clear signal for transferring the clear codes from the 
respective clear code registers to the corresponding DACs. 
25 In another embodiment of the invention the number of DACs is greater than the 

number of clear code registers, and at least some of the clear code registers store the clear 
codes for respective pluralities of corresponding DACs. 

In a further embodiment of the invention a clear code register is provided for each 
DAC for storing a clear code for the corresponding DAC. 
30 Preferably, each clear code register is programmable, and advantageously, each 

clear code register is programmable independently of the other clear code registers. 

In one embodiment of the invention a DAC register is provided corresponding to 
each DAC for sequentially storing digital words to be sequentially converted by the DAC, 
and the control circuit is responsive to the clear signal for transferring the clear code from 
35 the clear code register of the corresponding DAC to the corresponding DAC register. 
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In another embodiment of the invention an input terminal is provided for receiving 
the clear signal as an externally generated clear signal. 

In one embodiment of the invention the clear code stored in each clear code 
register is of value for providing the analogue output signal outputted by the corresponding 
5 DAC on an analogue output terminal of the corresponding channel to be of a 

predetermined analogue value, and preferably of a predetermined analogue voltage value. 

In another embodiment of the invention the clear code stored in each clear code 
register is of value for providing the analogue output signal outputted by the corresponding 
DAC on an analogue output terminal of the corresponding channel to be of zero volts. 
10 In a further embodiment of the invention the clear code stored in each clear code 

register is of value for providing the analogue output signal outputted by the corresponding 
DAC on an analogue output terminal of the corresponding channel with correction for 
voltage offset in the DAC. 

In a still further embodiment of the invention the clear code stored in each clear 
1 5 code register is of value for providing the analogue output signal outputted by the 

corresponding DAC on an analogue output terminal of the corresponding channel with 
correction for voltage offset in the channel. 

Additionally the invention provides a multi-channel integrated circuit comprising: 
a plurality of channels, 
20 a DAC located in each channel, 

a plurality of clear code registers for storing digital clear codes for respective 
ones of at least some of the DACs, and 

a control circuit responsive to a clear signal for transferring the clear codes 
from the clear code registers to the corresponding DACs, so that the corresponding DACs 
25 output an analogue output signal corresponding to the clear codes in the clear code 
condition. 

Preferably, one clear code register is provided for each DAC. 
The invention also provides a method for setting a DAC of an integrated circuit to a 
clear condition in response to a clear signal, the method comprising the steps of: 
30 providing a clear code register in the integrated circuit, 

storing a clear code in the clear code register, and 
transferring the clear code from the clear code register to the DAC in 
response to the clear signal so that the DAC outputs an analogue output signal 
corresponding to the clear code in the clear condition. 
35 in one embodiment of the invention the clear code is written to the clear code 
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register. 

In another embodiment of the invention the integrated circuit comprises a plurality 
of channels with one DAC being located in each channel, and the method comprises the 
step of transferring the clear code from the clear code register in response to the clear 
5 signal to at least one of the DACs. 

Preferably, the clear code is transferred to each of the DACs in response to the 
clear signal. 

In another embodiment of the invention a plurality of clear code registers are 
provided, and clear codes for corresponding ones of at least some of the DACs are stored 
10 in the clear code registers. 

In a further embodiment of the invention the number of clear code registers is less 
than the number of DACs, and at least some of the clear code registers store the clear 
codes for respective corresponding pluralities of the DACs. 

Preferably, a clear code register is provided for each DAC, and advantageously, the 
15 clear codes are written to the respective clear code registers independently of each other. 

Preferably, each clear code register is provided as a programmable register. 

Preferably, the clear code for each clear code register is selected for providing the 
analogue output signal outputted by the corresponding DAC on an analogue output 
terminal of the corresponding channel to be of a predetermined analogue value, and 
20 advantageously, a predetermined analogue voltage value. 

In one embodiment of the invention the clear code for each clear code register is 
selected for providing the analogue output signal outputted by the corresponding DAC on 
an analogue output terminal of the corresponding channel to be of zero volts. 

In another embodiment of the invention the clear code for each clear code register 
25 is selected for providing the analogue output signal outputted by the corresponding DAC on 
an analogue output terminal of the corresponding channel with correction for voltage offset 
in the DAC. 

In a further embodiment of the invention the clear code for each clear code register 
is selected for providing the output signal outputted by the corresponding DAC on an 
30 analogue output terminal of the corresponding channel with correction for voltage offset in 
the channel. 

In a still further embodiment of the invention a DAC register is provided 
corresponding to each DAC for sequentially storing respective digital words to be 
sequentially converted by the DAC, and the clear code from the corresponding clear code 
35 register is written to the DAC register of the corresponding DAC in response to the clear 



5 



signal. 

In one embodiment of the invention the clear signal is an externally generated 
signal and is applied to the integrated circuit. 

5 Advantages of the Invention 

The advantages of the invention are many. The analogue output of the integrated 
circuit can be set to be of a predetermined value, for example, zero volts when the circuit is 
set in the clear condition. By providing the clear code register as a programmable register, 
the analogue output of the circuit may be set at any desired predetermined value when the 

10 circuit is set in the clear condition. The clear code can be selected to correct for offset 
errors in the DAC, in the channel in which the DAC is located, or for correcting for offset 
errors in both the DAC and the channel in which the DAC is located. Additionally, if a user 
application contains a systematic offset error, the clear code can be selected to correct for 
the systematic offset error when the DAC is set in the clear condition. Where the 

15 integrated circuit is a multi-channel circuit, and correction is to be made for offsets in the 
DACs and/or their corresponding channels, and where the offset errors are substantially 
similar, a single clear code register is sufficient to store one clear code for correcting for the 
offsets in each DAC and the corresponding channels when the DACs are set in the clear 
condition. However, where it is desired to provide specific correction for specific channels 

20 or specific groups of channels, then by providing the appropriate number of clear code 

registers, offset errors in the respective DACs and/or channels, or the respective groups of 
DACs and/or channels is facilitated when the DACs are set in the clear condition. 

The invention and its many advantages will be apparent from the following 
description of some preferred embodiments thereof, which are given solely by way of 

25 example only, with reference to the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a block representation of an integrated circuit according to the invention, 
and 

30 

Fig. 2 is a block representation of an integrated circuit according to another 
embodiment of the invention. 

Detailed Description of Pref rred Embodiments of th Invention 

35 Referring to the drawings and initially to Fig. 1, there is illustrated a multi-channel 
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integrated circuit according to the invention, indicated generally by the reference numeral 
1. The multi-channel circuit 1 is implemented as an integrated circuit on a single chip 2 
and comprises a plurality of channels CH1 to CHN. In this embodiment of the invention the 
multi-channel circuit 1 comprises twenty channels CH1 to CH20. However, for 

5 convenience only channels CH1 , CH2 and CH20 are illustrated. 

A DAC 3 for converting digital data to an analogue output signal is located in each 
channel CH1 to CH20. The DACs 3 are identified as DACs DAC1 to DAC20, where the 
DAC DAC1 is located in the channel CH1, the DAC DAC2 is located in the channel CH2, 
and so on up to the DAC DAC20, which is located in the channel CH20. Analogue output 

10 signals from outputs 4 of the DACs 3 resulting from conversions of the digital data are 
applied to analogue output terminals 5 of the corresponding channels CH1 to CH20 
through analogue parts 7 of the channels CH1 to CH20. 

A DAC register 9 for sequentially storing digital words to be sequentially converted 
by the corresponding DAC 3 is located in each channel CH1 to CH20. The DAC registers 

15 9 are identified as DACREG1 to DACREG20, the DAC register DACREG1 being located in 
channel CH1 and so on up to the DAC register DACREG20, which is located in channel 
CH20. An input register 10 in each channel CH1 to CH20 sequentially receives the 
respective digital words to be converted by the corresponding DAC 3. The digital words 
are written from the input register 10 to the corresponding DAC register 9 through a 

20 corresponding digital switch 12 as will be described below. The input registers 10 and 
digital switches 12 are identified as INPUTREG1 to INPUTREG20, and SWITCH1 to 
SWITCH20, respectively, the input register INPUTREG1 and the digital switch SWITCH 1 
being located in channel CH1, and so on up to the input register INPUTREG20 and the 
digital switch SWITCH20 which are located in channel CH20. 

25 An I/O port 14 is provided to the multi-channel circuit 1 for inputting digital data to 

be converted by the DACs 3, as well as addresses and other relevant control signals. The 
I/O port 14 may be configured as a serial port or a parallel port. An interface and control 
logic circuit 15 receives the digital data, addresses and other control signals through the 
I/O port 14 and selectively writes digital words of the digital data to the input registers 10 in 

30 the appropriate channels CH1 to CH20 on a parallel digital data bus 16. The digital 
switches 12 are normally operated with the corresponding input register 10 switched 
through to the corresponding DAC register 9. A load DAC (LDAC) input terminal 17 which 
is read by the interface and control logic circuit 15 is provided for receiving appropriate 
externally generated load DAC signals for selectively opening the DAC registers 9 for 

35 receiving respective digital words from the corresponding input registers 10 for in turn 
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loading the corresponding DACs 3 with the respective digital words to be converted. 
Corresponding load DAC signals are generated by the interface and control logic circuit 15 
in response to the received load DAC signals, and are applied to the corresponding DAC 
registers 9 by the interface and control logic circuit 15 on a load DAC control bus 19 

5 through corresponding OR gates 20 in response to the received load DAC signals on the 
LDAC input terminal 17, as will be described below. 

In this embodiment of the invention a single clear code register 22 is provided in the 
multi-channel circuit 1 for storing a clear code for transfer to the DACs 3 when the DACs 3 
are to be set in a clear condition. The clear code in the clear code register 22 is written to 

io the DAC registers 9 under the control of the interface and control logic circuit 15 through 
the digital switches 12 on a parallel digital data bus 23. A clear terminal 24 is provided for 
receiving a clear signal for setting the DACs 3 into the clear condition, and the clear 
terminal 24 is read by the interface and control logic circuit 15. A control signal is outputted 
on a control line 25 by the interface and control logic circuit 15 to the digital switches 12 for 

15 operating the switches 12 for switching the DAC registers 9 through to the clear code 

register 22. The signal on the control line 25 is also applied through the OR gate 20 to the 
DAC registers 9 for opening the DAC registers 9 so that the clear code from the clear code 
register 22 can be written to the DAC registers 9, for in turn loading into the DACs 3. 
The clear code register 22 is programmable through the I/O port 14 and the 

20 interface and control logic circuit 15, which writes the desired clear code to the clear code 
register 22 through a parallel digital data bus 26. Accordingly, any desired clear code may 
be written to the clear code register 22 so that when the multi-channel circuit 1 is set with 
the DACs 3 in the clear condition, the analogue output signals from the DACs 3 on the 
analogue output terminals 5 are of a predetermined value. Typically, the clear code which 

25 is written to the clear code register 22 is selected for compensating for voltage offset errors 
in the DACs 3 and/or the channels CH1 to CH20, and in particular, the analogue parts 7 of 
the channels CH1 to CH20 so that the voltage of the analogue output signals appearing on 
the analogue output terminals 5 is zero volts when the DACs 3 are set in the clear 
condition. This merely requires determining the voltage offset error on the analogue output 

30 terminals 5 when the digital words in the DAC registers 9 being converted by the DACs 3 
comprises all zeros. The clear code is then selected so that the analogue output voltage 
which would be outputted by the DACs 3 on conversion of the selected clear code would 
be equal to the voltage offset error but of the opposite sign. Thus, when the clear code is 
written to the DAC registers 9, the analogue output signals resulting from the conversion of 

35 the clear code by the DACs 3 which appear on the analogue output terminals 5 is zero 



volts. However, it will be readily apparent to those skilled in the art that the clear code may 
be selected to provide any desired predetermined analogue output voltage on the analogue 
output terminals 5 of the respective channels CH1 to CH20. 

In use, once the appropriate clear code has been determined, the clear code is 

5 written to the clear code register 22 through the I/O port 14 and the interface and control 
logic circuit 15. Digital data to be converted by the DACs 3 in the multi-channel circuit 1 is 
inputted through the I/O port 14 together with appropriate addresses, and appropriate load 
DAC signals are applied to the LDAC input terminal 17. The interface and control logic 
circuit 15 interprets the digital data and addresses, and selectively writes digital words of 

io the digital data to the respective input registers 10 of the channels CH1 to CH20. The 
interface and control logic circuit 15 interprets the load DAC signals for opening the DAC 
registers 9, so that the digital words in the respective input registers 10 are transferred to 
the DAC registers 9, and in turn to the DACs 3 where they are converted. Analogue output 
signals corresponding to the converted digital words are outputted on the analogue output 

15 terminals 5 of the respective channels CH1 to CH20. 

When it is desired to set the DACs 3 of the multi-channel circuit 1 in the clear 
condition, a clear signal is applied to the clear terminal 24. On reading the clear signal on 
the clear terminal 24, the interface and control logic circuit 15 outputs a control signal on 
the control line 25 for operating the digital switches 12 for switching the DAC registers 9 to 

20 the clear code register 22. The signal on the control line 25 is also applied to the DAC 
registers 9 through the OR gates 20 for in turn opening the DAC registers 9 so that the 
clear code from the clear code register 22 is written to the DAC registers 9. The DACs 3 
thus convert the clear code in the DAC registers 9, and each DAC 3 outputs an analogue 
output signal corresponding to the clear code which appears on the corresponding 

25 analogue output terminal 5. If the clear code has been selected to correct for voltage 
offsets in the DACs 3 and the channels CH1 to CH20, then the analogue output signals 
appearing on the analogue output terminals 5 should be zero volts. Otherwise, the 
analogue output signals appearing on the analogue output terminals 5 when the DACs 3 
are set in the clear condition will be a predetermined voltage corresponding to the clear 

30 code, and allowing for voltage offset errors in the DACs 3 and the channels CH1 to CH20. 

In normal operation the clear terminal 24 is pulled high, and when it is desired to set 
the DACs 3 of the multi-channel circuit 1 in the clear condition, the signal on the clear 
terminal 24 is pulled low. For so long as the clear terminal 24 remains in the low state, the 
multi-channel circuit 1 is operated with the DACs 3 in the clear condition. To terminate the 

35 clear condition, the signal on the clear terminal 24 is again pulled high. 



Additionally, in this embodiment of the invention the interface and control logic 
circuit 15 is programmed so that in a default condition, and initially on power-up the DAC 
registers 9 are loaded with all zeros. 

Referring now to Fig. 2, there is illustrated a multi-channel circuit according to 

5 another embodiment of the invention, indicated generally by the reference numeral 30. 

The multi-channel circuit 30 is substantially similar to the multi-channel circuit 1 , and similar 
components are identified by the same reference numerals. The main difference between 
the multi-channel circuit 30 and the multi-channel circuit 1 is that a clear code register 22 is 
provided for each channel CH1 to CH20. Each of the clear code registers 22 are 

10 programmable for storing an appropriate clear code for the corresponding DAC 3. The 
clear code registers are identified as CLEARCODEREG1 to CLEARCODEREG20, the 
CLEARCODEREG1 corresponding to channel CH1, while the clear code register 
CLEARCODEREG20 corresponds to channel CH20. Each clear code register 22 is 
individually programmable and addressable by the interface and control logic circuit 15 

15 through the parallel digital data bus 26. The desired clear codes for the respective clear 
code registers 22 along with their corresponding addresses are inputted through the I/O 
port 14 to the interface and control logic circuit 15. The clear codes are written from the 
clear code registers 22 on respective data buses 23 through the corresponding switches 12 
to the corresponding DAC registers 9 as already described with reference to the multi- 

20 channel circuit 1 described with reference to Fig. 1. 

On the interface and control logic circuit 15 outputting a control signal on the control 
line 25 in response to a clear signal being read on the clear terminal 24 the digital switches 
12 are operated for switching the clear code registers 22 to the corresponding DAC 
registers 9, and the control signal on the control line 25 is also applied to the DAC registers 

25 9 through the OR gate 20 for opening the DAC registers 9 so that the clear code from the 
corresponding clear code register 22 is written thereto. The clear code in the DAC 
registers 9 are then converted by the DACs 3 to analogue output signals which appear on 
the corresponding analogue output terminals 5. 

The advantage of providing separate clear code registers 22 corresponding to the 

30 respective channels CH1 to CH20 facilitates correction for voltage offset errors in the 

corresponding respective DACs 3 and channels CH1 to CH20 independently of each other. 
This is a particular advantage should the voltage offsets in the respective DACs 3 and 
channels CH1 to CH20 differ from one to the other. Additionally, it may be desired to 
provide analogue output signals on the respective analogue output terminals 5 of different 

35 voltages when the DACs 3 of the multi-channel circuit 1 are set in the clear condition, and if 
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so, appropriate clear codes can thus be written to the respective clear code registers 22. 

Otherwise, the multi-channel circuit 30 and its operation is similar to that of the 
multi-channel circuit 1. 

Another advantage of the invention is that the clear code may be used for the 

5 purpose of calibration of each DAC and/or each channel, and where the circuit forms part 
of a user application, for calibrating the user application circuit as well Calibration of the . 
DAC, and/or analogue channel, and/or user application would be carried out by 
sequentially entering a clear code or clear codes corresponding to a load full scale voltage 
or zero scale voltage into the clear code register or registers. By applying the clear signal 

10 to the integrated circuit the appropriate clear code or clear codes for providing the load full 
scale voltage or zero scale voltage as the case may be would be transferred to the DAC 
registers, thereby removing the need to write individual full scale or zero scale voltage 
codes to all the DACs separately. 

While the multi-channel circuit 1 has been described as comprising a single clear 

15 code register, and the multi-channel circuit 30 has been described as comprising a plurality 
of clear code registers, one clear code register being provided for each channel, it is 
envisaged in certain cases that while more than one clear code register will be provided, a 
clear code register may not be provided for each channel. In which case, it is envisaged 
that each clear code register may store a clear code for a number of corresponding 

20 channels. Indeed, it is envisaged in certain cases that some clear code registers may be 
provided for storing a clear code for one single corresponding channel, while others may 
be provided for storing a clear code for a number of corresponding channels. 

While the clear code registers have been described as being programmable, in 
certain cases, it is envisaged that the clear code registers may not be programmable. 

25 Indeed, in certain cases, it is envisaged that where the clear code registers are 
programmable, they may not be programmable independently of each other. 

It will be appreciated that while the integrated circuits have been described as being 
multi-channel circuits, in certain cases, it is envisaged that an integrated circuit may be 
provided with a single channel with a single DAC in the channel. In which case, a single 

30 clear code register would be provided for storing a clear code for loading to the DAC when 
the circuit is to be set in a clear condition. Additionally, it will be appreciated that the multi- 
channel circuit may be provided with any number of channels greater than or less than 
twenty. 

While the clear signal has been described as being a signal applied to a clear 
35 terminal of the multi-channel circuits, in certain cases, it is envisaged that the clear signal 
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may be provided as a software clear signal. In which case it is envisaged that the clear 
signal would be entered as a digital code through the I/O port 14 to the interface and 
control logic circuit 15. Additionally, where a clear terminal is provided for receiving a clear 
signal, any suitable clear signal besides that described may be used. Indeed, instead of 

5 the clear signal being provided by pulling a high signal applied to the clear terminal low, the 
clear signal could be provided by pulling a low signal on the clear terminal high. 
Alternatively, the clear signal may be provided as a low going or a high going pulse which 
would be applied to the clear terminal. Additionally, the clear signal may be read by any 
suitable circuitry, whether in the interface and control logic circuit or otherwise, and such 

io circuitry may, for example, be provided by a state machine for reading the state of the clear 
terminal. 



